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Description 

The present invention relates to an optical 6pace 
commun fcatton apparatus for propagating an optical sig- 
nal in a free space to perform an optical communication 
as claimed in claim 1 and to an optical space communi- 
cation apparatus comprising a plurality of units as 
claimed in claim 4. 

An optical space communication apparatus Is 
known in the prior art as disclosed comprehensive in 
SPIE PROCEEDINGS, HIGH DATA ATMOSPHERIC 
AND SPACE COMMUNICATIONS, 9 September 1988, 
Boston, Massachusetts. US, vol.996, pages 42-48 
(GRANT et al.). This apparatus comprises an optical 
subsystem having eight terminal head units mounted on 
a vibration isolated optical bench, wherein each terminal 
unit contains all the optical components and essential 
drive electronics required to communicate with one user. 

PATENT ABSTRACTS OF JAPAN, vol. 8, no. 91 
(E-241 ) (1 528) 26 April 1 984 & JP-A-59 01 0 045 disclos- 
es a further radio optical communication device. To elim- 
inate the nesstty for increase a luminous flux, a photo- 
detecting element of a linear traveling object or a statur, 
plural auxiliary photodetecting elements, a circuit which 
compares the outputs of the auxiliary photodetecting el- 
ements, und a position controller of a photodetector are 
provided. 

EP-A3-0 115 768 discloses an optical communica- 
tion system, transmitter/receivers located remote from 
each other have an identical construction and are accu- 
rately positioned to each other by means of phot ©detec- 
tors. Each apparatus includes a transmitter section and 
a receiver section which are disposed In a common 
transparent housing. Such a construction is applicable 
even to a repeater between the remote apparatus by 
build hg another set of transmitter and receiver sections 
in the apparatus. Especially, one of the apparatuses 
comprises a light source for emitting parallel rays toward 
a second one of the apparatuses as an optical signal and 
means for sensing parallel rays emitted from the second 
apparatus to automatically follow a direction of the par- 
allel rays from the second apparatus. 

In a conventional optical space communication ap- 
paratus shown fi Fig. 1, a transmitter 37 comprises a 
means (modulating circuit) 31 for modulating an input 
electrical signal into a signal having a format suitable for 
optical space communication, a means (optical element) 
32 for amplifying the modulated signal, driving a 
light-emitting element such as a light-emitting diode ora 
semiconductor laser on the basis of the amplified signal, 
and converting the electrical signal into an optical signal, 
end a means (optical system) 33 tor causing an optical 
member such as a lens to convert a beam emitted from 
the light-emitting element into a fan beam having a nec- 
essary spread angle. A receiver 38 comprises a means 
(optical system) 34 for causing an optical member such 
as a lens to focus a beam from the transmitter 37 onto a 
photodetecting element such as a photodiode, a means 



(optical element) 35 for causing the photodetecting ele- 
ment to convert the optical signal into an electrical signal 
and amplifying the electrical Bignal to a signal having a 
predetermined level, and a means (demodulating circuit) 
5 36 for demodulating into a signal of the original format 
the electrical signal converted from the optical signal. 

In this apparatus, strict positional alignment is re- 
quired between the optical systems 33 and 34 such as 
lenses and the optical elements 32 and 35 such as a 
10 light-emitting element and a photodetecting element. 
The modulating and demodulating circuits 31 and 36 
mu6t be mounted near the optical elements in consider- 
ation of the mounting forms since these circuits 31 and 
36 process high-frequency signals. 
'5 Saie this apparatus is used outdoors for a long pe- 
riod of time, It requires a rigid, waterproof housing. The 
functional components such as the transmitter and the 
receiver must be appropriately arranged inside the hous- 
ing. 

?0 In addition, direction and angle adjusting means are 
required to appropriately direct the transmitter consisting 
of the functional components protected in the housing 
toward the receiver consisting of the functional compo- 
nents. These adjusting means are generally mounted in 
2& the lower portion of the housing. More strict precision is 
required In angular adjustment when a communication 
distance is increased. 

In the conventional structure, however, the housing 
is disassembled at the time of internal failures and re- 
30 pairing. When tailed components are the optical ele- 
ments or the portions 32 and 35 near the optical ele- 
ments, the optical elements or their neighboring portions 
32 and 35 must be aligned with the optical systems 33 
and 34 such as lenses after repairing. It is difficult to per- 
35 form this adjustment on the spot. The associated com- 
ponents must be removed and adjusted h a factory. 
When the repaired components are mounted in the 
housing again, the angle of the apparatus as a whole 
must also be adjusted. 
40 Even if a failed component is different from those 
described above, it is difficult to check the failed compo- 
nent after the waterproof, rigid, outdoor housing Is dis- 
assembled. During disassembly, the position of the op- 
tical element with respect to the optical system may be 
45 shifted or the angle of the apparatus as a whole may be 
deviated from the accurate angle. Therefore, in this case, 
readjustment is required. Similar problems are posed at 
the time of inspection or the like except for the failure. 
As described above, although the apparatus is used 
50 outdoors for a long period of time, it requires high posi- 
tional and angular accuracy h adjustment. It is difficult 
to appropriately install, repair, and maintain the appara- 
tus. Therefore, any conventional optical space commu- 
nication apparatus cannot be easily handled by a user. 
55 Furthermore, an optical space communication ap- 
paratus may be used ranging from a short distance of 1 0 
m to a long distance of several km. in this case, when 
the communication distance is increased, more strict 
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conditions on angular precision, optical characteristics, 
and electrical characteristics (e.g., reception sensitivity) 
are required. Transmission signals have different forms, 
l.o., analog and digital signal forms, and the communi- 
cation speed ranges from a low speed which can be eas- 
ily controlled to a high speed. When a transmission sig- 
nal speed Is increased, higher performance Is required 
in electrical circuits, light-emitting and light-receiving el- 
ements, and modulating and demodulating circuits In the 
transmitter and the receiver. In order to satisfy these var- 
ious needs, products ranging from a low-end product to 
a high-end product may be developed depending on the 
purposes of applications, or the specifications of the ap- 
paratus may be designed to comply with the most strict 
requirements. However, 6uch an implementation results 
in high cost, and an economical advantage cannot be 
obtained. 

It is, therefore, an object of the present invention to 
provide an optical space communication apparatus 
which can solve all problems posed by installation, re- 
pairing, and maintenance of the apparatus, and various 
requirements. 

In orderto achlvethe object of the present invention, 
an optical space communication apparatus for propagat- 
ing an optical signal in a free space is provided according 
to claims 1 and 4. Preferable embodiments of the inven- 
tion are defined in the subclaims. 

The optical space communication apparatus (trans- 
mitter and receiver) according to the present invention 
comprises a plurality of modules which can be separated 
from each other. Positions of optical elements such as 
an optical system; an optical element, and a CCD of the 
modules are adjusted beforehand to have a predeter- 
mined relationship with coupling reference portions of 
the modules which are to constitute a common reference 
at the time of coupling, thereby allowing automatic posi- 
tioning at the time of coupling of the modules. Alterna- 
tively, one of the plurality of modules may have a stand 
reference portion having a predetermined positional re- 
lationship with its optical element and its coupling refer- 
ence portion. The stand reference portion is coupled to 
the reference portion of the stand whose angle can be 
adjusted, thereby constituting the common reference. 

The invention will be better understood from the fol- 
lowing descrlpt Ion when considered wfth reference to the 
accompanying drawings. 

Fig. 1 is a view showing an arrangement of a con- 
ventional optical space communication apparatus; 
Fig. 2 Is an exploded view showing modulates con- 
stituting an optical space communication apparatus 
according to an embodiment of the present Inven- 
tion; 

Fig. 3 is a view showing an optical module when 
viewed from the rear side thereof; 
Fig. 4 is a view showing an interchangeable module 
for coil imation; 

Figs. 5, 9, and 10 are views showing optical space 



10 



communication apparatuses constituted by 

twcHjimensionally combining units; 

Fig. 6 is a perspective view of the unit shown in Fig. 

5; 

Fig. 7 is a side view of the unit shown in Fig. 5; and 
Fig. 8 is a view showing an optical space communi- 
cation apparatus obtained by one-dimensionalfy 
combining the units according to another embodi- 
ment of the present Invention; 



Fig. 2 Is an exploded view of modules (functional 
components) of an optical 6pace communication appa- 
ratus according to an embodiment of the present inven- 
tion. 

« Referring to Fig. 2, the optical space communication 
apparatus comprises an optical module (optical unit) 1 
for performing geometric optically operations, a conver- 
sion module (conversion unit) 2 tor performing photoe- 
lectrical conversion between an optical signal and an 

20 electrical signal, a modulation/demodulation module 
(modulation/demodulation unit) 3 tor performing modu- 
lation/demodulation of the signal, and a stand 4 having 
an angle adjusting mechanism. 

Since the optical space communication apparatus is 

& often installed outdoors, a waterproof implementation is 
provided to prevent degradation of the apparatus against 
changes in weather. In addition, since a communication 
line cannot be assured unless the transmitter is accu- 
rately aligned with the receiver, an angle adjusting mech- 

30 anlsm tor four directions, i.e., upper, lower, right, and left 
directions, Is mounted in the housing. The angle adjust- 
ing mechanism is mounted in the lower portion of the ap- 
paratus. 

A lens system 26 i6 mounted in the optical module 
35 1 , and a point 25 corresponds to its focal position A base 

1 9 to be coupled to a stand 4 and a mount 7 serving as 
a coupling reference portion coupled to the conversion 
module 2 are mounted on the optical module 1 . 

Referring to Fig. 3 in which the optical module 1 is 
40 viewed from the conversion module 2, a surface 20 and 
surfaces 24 of the base 19 serving as a stand reference 
portion are precisely worked and serve as reference sur- 
faces for determining an angle of the apparatus so that 
the optical axis is parallel with the surfaces thereof. The 
is surface 20 is parallel to the X-axis, and the surfaces 24 
are parallel to the Y-axis. The intersection between the 
X- and Y-axes corresponds to an opilcal axis of the op- 
tical system 26. A reference surface 21 serving as a ref- 
erence portion of the stand 4 coupled to the base 1 9 is 
60 also precisely worked as described above. The surfaces 

20 and 24 of the base 1 9 serving as a stand reference 
portion are brought into contact with the surface 21 serv- 
ing as the reference portion of the stand 4, so that the 
optical module 1 1s mounted on the stand 4. Therefore, 

«5 the direction of the optical axis of the optical system 26 
with respect to the surface 21 of the stand 4 is deter- 
mined. A rotary knob 41 for adjusting a horizontal angle 
and a rotary knob 42 for adjusting a vertical angle are 
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turned to adjust the angle of the Gland 4. When the an- 
gular position with respect to the two axes of the surface 
21 is fixed (i.e.. when the position of the surface 21 in the 
space is determined), the direction of the optica] axis of 
the optical system 26 in the space is determined. 

As shown in Fig. 3, the mount 7 determines refer- 
ence coordinates at the focal position 25 of the optical 
system 26 in the lateral (X) direction, the vertical (Y) di- 
rection, and the optical axis (Z). More specifically, posi- 
tioning is performed such that the optical axis of the op- 
tical system 26 is aligned with the center of the mount 7. 
A surface 8 serves as a reference surface in the Y direc- 
tion, a surface 22 serves as a reference surface in the X 
direction, and a surface 9 serves as a reference surface 
in the Z direction. Since the adjustment has been per- 
formed as described above, when the optical module 1 
is mounted on the stand 4, the direction of the optical 
axis of the optical system 26 is determined. At the same 
time, the focal position 25 with respect to the mount 7 is 
also determined. That ts, the stand reference portion has 
a predetermined positional relationship (I.e. preadjusted 
and fixed) with the optical element of the optical module 
1 and the reference portion for coupling. 

The conversion modules 2 having different functions 
can be selectively coupled to the optical module 1 ac- 
cording to the application. For example, when the appa- 
ratus is used as a transmitter, the conversion module 2 
shown in Fig. 2 is a module for amplifying an electrical 
signal and driving a light-emitting element to convert the 
electrical signal Into an optical signal In this case, a com- 
ponent 13 comprises a light-emitting element such as a 
light-emitting diode or a semiconductor laser. A compo- 
nent 1 4 comprises a light-emitting driver circuit including 
an electrical signal amplifier, a stabilizing circuit for the 
light-emitting element 1 3, and a cooling control circuit for 
the li^it-emitting element 13. However, when the appa- 
ratus is used as a receiver, the component 1 3 comprises 
a photodetecting element such as a PIN photodiode or 
an avalanche photodiode, and the component 14 com* 
prises a preamplifier for amplifying a reception signal. 
This preamplifier includes a bias control circuit for con- 
trolling a bias voltage applied to the photodetecting ele- 
ment 13 with respect to a change in temperature as 
needed, and a detecting circuit lor monitoring a reception 
signal power. 

The conversion module 2 is electrically connected 
1olhenxdulation7dernodulation module 3through aoon- 
nector 15. 

A mount 10 of the conversion module 2 coupled to 
the mount 7 erf the optical module 1 has reference sur- 
faces 11 and 12 corresponding to the reference surfaces 
8, 9 and 22 of the mount 7. The position ol the light-emit- 
ting or photodetecting element 13 is appropriately pre- 
adjusted with respect to the reference surlaces 11 and 
12. When the conversion module 2 Is mounted on the 
optical module 1 , the reference surfaces 8, 9, and 22 of 
the mount 7 are brought Into contact with the reference 
surfaces 11 and 12 of the mount 10. Therefore, the focal 



position 25 of the optica] system 26 of the optical module 
1 automatically coincides with the position of the 
light-emitting or photodetecting element 13. 

The installation and fixation between the modules 1 

5 and 2 are easily conducted by the use of bolt holes 23 
lor installation positioned at the comers, as shown in Fig. 
3. The automatically positioning descrfoed above is as- 
sured since the mount portions are constructed so that 
the reference surfaces 8, 9 and 22 of the mount 7 and 

10 the reference surfaces 11 and 12 of the mount 10 are 
mutually urged by the mechanism such as a plate spring 
when installed. 

The optical space communication apparatus of the 
present invention is constituted by a plurality of modules 

is which can be coupled to or separated from each other. 
The positions of the optical elements of the respective 
modules are adjusted beforehand to have a predeter- 
mined relationship with the coupling reference portions 
of the modules constituting the common reference at the 

?0 time of coupling such that these modules can be auto- 
matically positioned at the time of coupling of the mod- 
ules. 

The modules constituting the optical space commu- 
nication apparatus of the present invention are modules 

2S having optical elements and coupling reference portions 
having predetermined positional relationships with these 
optical elements. The coupling reference portion of one 
module is coupled to that of another module to constitute 
a common reference. 

30 Since the apparatus employs the above coupling 
system, the optical element 1 3 can be accurately located 
at a predetermined position with respect to the optical 
system 26 even when the module 2 Is replaced with an- 
other. That is, module replacement can be performed 

ss without any adjustment, and repairing and maintenance 
can be greatly facilitated. 

The module 3 serves as the modulation/demodula- 
tion module. When the apparatus is used as a transmit- 
ter, a component 17 comprises a modulator. On the other 

40 hand, when the apparatus is used as a receiver, the com- 
ponent 17 comprises a demodulator. The modulation/de- 
modulation module includes an electrical circuit having 
a modulation/demodulation function. The modula- 
tion/demodulation module 3 is connected to the conver- 
ts sion module 2 through a connector 1 6 which is electri- 
cally connected to the connector 15 of the conversion 
module 2 The modulation/demodulation module 3 is 
connected to an external signal or a power source 
through a connector 1 8. Higher mechanical or positional 

so precision is not required in coupling between the mod- 
ules 2 and 3, but the electrical connection therebetween 
must be assured. 

The modules 1 , 2, and 3 have waterproof housings 
so that they can be used outdoors. Rubber packings may 

s$ be used at the connecting portions between the modules 
so as to prevent external water from entering into the 
connecting portions. 

The optical module 1 may incorporate a heater for 
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preventing the lens surface from dewing due to cold 
weather and a heater control circuit as needed. In order 
to prevent influences of direct sunbeams and strong 
winds, a cover may be disposed to cover the entire ap- 
paratus. In this case, the cover may be made of FRP 
(fiber-reinforced plastic) because FRP Is lightweight and 
excellent in mechanical strength and weather resist- 
ance. 

Fig. 4 shows a collimatlon module 5 mounted on the 
optical system module 1 in place of the conversion mod- 
ule 2 to adjust an angle at the time of initial installation 
of the apparatus. An image pickup element 27 such as 
a CCD is mounted at a position corresponding to the op- 
tical element 13 of the conversion module 2. A mount 10 
of the collimation module 5 is the same as the mount 1 0 
of the conversion module 2. 

Referring to Fig. 4, the collimation module 5 com- 
prises a camera image processing un It 26 and a compact 
image display unit 28 such as a CRT. The display unit 29 
is adjusted with respect to the reference surface of the 
mount 10 such that an Image at the focal position 25 of 
the optical system 26 is displayed at the centerof a cross 
marked on a screen 30. 

When the collimation module 5 is mounted on the 
optical module 1 and is directed to a mating communi- 
cation apparatus, a scene near the mating communica- 
tion apparatus is displayed on the display unit 29. The 
adjustment of an angle or azimuth of the apparatus can 
be performed by positioning the mating apparatus rnage 
at the centerof the cross on the screen 30. This angular 20 
adjustment is performed by using angle adjusting knobs 
41 and 42 of the stand 4, andthe surface 21 of the stand 
4 Is fixed when the mating apparatus image is located at 
the center of the cross. 

In this case, If the mating apparatus has a light & 
source, this apparatus is displayed as a bright point. In 
general, since infrared ray6 are used in optical space 
communication of this type, the image pickup element 
27 comprises an infrared sensor. When an optical filter 
tor shielding visible light Is located in front of the infrared *o 
sensor, a clearer bright point is obtained. 

In this manner, the angular adjustment of the appa- 
ratus toward the mating apparatus can be facilitated. 
Upon completion of the angular adjustment, when the 
conversion module is replaced with a desired conversion *s 
module, the optical element 13 is automalicafty located 
at the accurate position, thereby fad litaling adjustment 
at the time of installation of the apparatus. 

The image pickup element 27 such a6 a CCD may 
not be used in the collimation module 5. In this case, so 
even if a simple optical filter having a screen at the focal 
position of the optical system 26 is used, the same func- 
tion as described above can be obtained except that the 
Infrared ray cannot be directly observed and the screen 
is slightly dark. The display unit 29 such as a CRT may ss 
not be incorporated in the module 5, but can be an ex- 
ternal monitor connected to the module 5 through a ca- 
ble. 



In the apparatus of the present invention, repairing 
and functional modifications can be performed by only 
module replacement, and angular and positional adjust- 
ment operations at the time ol replacement need not be 
5 performed. In addition, adjustment at the time of initial 
installation can be simplified. Therefore, even an un- 
skilled user can easily perform installation, maintenance, 
and functional modifications. 

The characteristic feature of the present invention 
10 which allows easy functional modifications and changes 
h technical specifications In a wide range will be de- 
scribed in detail below. 

In the above embodiment, the module 1 is not 
changed, whereas the modules 2 and 3 are changed to 
is modules having different functions so as to selectively 
use the optical space communication apparatus as the 
transmitter or receiver. In addition, module replacement 
can satisfy various requirements. For example, the com- 
munication distance ranges from a short distance of sey- 
20 eral tens of meters to a long distance of several km, as 
previously mentioned. According to the present inven- 
tion, the modules 1 and 3 are not changed, while the 
module 2 is replaced with another module having an ap- 
propriate function. 

That is, in long-distance communication, a module 
having a high-output semiconductor laser used In the 
transmitter can be combined with a module having a high 
sensitivity avalanche photodiode used fan the receiver. 

In short-distance communication, a module having 
a light emitting diode in the transmitter to simplify a pe- 
ripheral circuit at a relatively low cost can be combined 
with a module having a PIN photodiode in the receiver 
to perform effective communication at low cost A 
low-cost module may be used as the optical module 1 in 
short-distance communication since strict optical re- 
quirements are not imposed. 

There are various types of signal form such as digital 
and analog schemes. These different signal forms can 
be satisfied by changing only the modulation/demodula- 
tion module 3 while the modules 1 and 2 are kept un- 
changed. For example, as for digital signals, a modub- 
tion module of a PSK {phase shift keying) or FSK (fre- 
quency shift keying) scheme is used In the transmitter, 
and a demodulation module of the- corresponding 
scheme Is used in the receiver. 

As for analog signals such as a video signal, modu- 
lation and demodulation modules of an FM (frequency 
modulation) or AM (amplitude modulation) schema are 
used, and signal transmission can be freely performed 
within the range complying with the signal levels and fre- 
quency ranges between the module 2 and the module 3. 
in addition, the conversion module 2 can be replaced 
with a low-cost module for transm ission of low-speed sig- 
nals. 

As described above, various combinations of mod- 
ules can satisfy various needs of communication. In ad- 
dition, complicated adjustment at the time of assembly 
and installation of the modules and replacement of mod- 
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ules can be eliminated 

As described above, the optical space communica- 
tion apparatus (transmitter and receiver) according to the 
present invention Is constituted by a plurality ol modules, 
and portions which are required for high precision of me- & 
chan leal and optical positions of the modules are posi- 
tioned with respect to the common reference portion. 
Therefore, adjustment is not required at the time of as- 
sembly and replacement ol the modules. Therefore, as- 
sembly, installation, and replacement can be easily per- io 
formed. Therefore, maintenance, repairing, and func- 
tional modifications can be facilitated. 

In an optical space communication system for per- 
forming communication using optical signals through a 
free space as a transmission line, an optical transmission 
signal itself Is Influenced by an atmospheric condition in 
the transmission line. 

For example, there are variations in beam position 
caused by building vibrations having a bng cycle, irreg- 
ular changes in refractive index of air, turbulences by 2° 
winds as well as variations (scintillation) of the reception 
beam power caused by air fluctuations having a short 
cycle. 

In this manner, the quality of the communication 
channel as the transmission line is adversely affected by 25 
the atmospheric conditions, and It Is difficult to assure a 
stable communication channel. 

For this reason, a beam diameter is Increased at the 
beam reception point, or the diameter of the light-receiv- 
ing lens fs Increased. When the beam diameter Is In- *o 
creased at the beam reception point, only pari of the total 
power of the beam is incident on the light-receiving lens, 
thus degrading beam reception efficiency. Even if the di- 
ameter of the light receiving lens is hcreased, the receiv- 
er becomes bulky and heavy. The angle adjusting mech- & 
an ism which supports the receiver is bulky accordingly. 
Since the apparatus including the angle adjusting mech- 
anism becomes bulky and heavy and results in high cost, 
the user cannot easily handle this apparatus. 

An automatic gain control amplifier having a low NF *o 
(noise figure), a high gain, and a high response speed 
may be used In an electrical system of an O/E (opti- 
cal-to-electrical} converter on the light-receiving side to 
correct short-cycle variations in beam reception power 
by scintillation. There is much room to be improved so *s 
as to realize this arrangement. 

In order to solve the above problems, an optical 
space communication apparatus capable of satisfying a 
variety of applications, requiring ample maintenance 
and installation, and providing stable performance will be so 
described below. 

In order to solve the above problems, In an optical 
space communication apparatus of the present men- 
tion, at least one of a transmitter and a receiver Is con- 
stituted by a single untt, and a plurality of single units are & 
combined to constitute an optical space communication 
apparatus. The unit will be referred to as a transmitter 
unit or receiver unit 



The transmitterand receiver units can be constituted 
by various combinations. In addition, each unit may be 
constituted by a plurality of function modules which can 
be separated from each other. 

Coupling means for combining the units may bear- 
ranged in the units or may be arranged in support means 
such as a stand for supporting the unit The structure of 
the coupling means may be determined such that the op- 
tical axes ol the plurality of units are automatically 
aligned in one direction. 

Since various transmitter and receiver units can be 
arbitrarily combined, multifunctional arrangements can 
be obtained from the qualitative and quantitative view- 
points, thus assuring stable communication. 

For example, bidirectional communication, an in- 
crease/decrease in light emitting power, wavelength 
multiplex communication, space diversity which cancels 
fading, wavelength diversity, a tracking function of mat- 
ing transmitter and receiver and the like can be simulta- 
neously obtained individually or in combinations. 

The "diversity* Is a scheme for synthesizing a plu- 
rality of signals having different characteristics into a sin- 
gle signal. The space diversity is a scheme tor synthe- 
sizing signals having different spatial positions into a sin- 
gle signal. The wavelength diversity is a scheme for syn- 
thesizing signals having different wavelengths Into a sin- 
gle 6ignal. 

When each untt Is constituted by a plurality of func- 
tion modules, the above functions can be easily and ap- 
propriately achieved. 

When the structure of the coupling means for con- 
necting a plurality of units is particularly implemented, 
the units can be arbitrarily combined, and at the same 
time the optical axes of all units can be aligned in one 
direction without adjustment or with slight adjustment. 
Angular adjustment of the unit in four directions can be 
simply performed by arranging an angle adjusting mech- 
anism In the untt or the support means of the unit. 

Figs. 5 to 7 show an optical space communication 
apparatus according to an embodiment of the present 
invention. Fig. 5 shows the optical space communication 
apparatus obtained by two-dim ensbnaily combining 
units 51 . Figs. 6 and 7 show the unit 51 as one unit. 

Referring to Fig. 5, the communication apparatus 
obtained by combining the units 51 has a supporting 
means which is a stand 52. The stand 52 has a mecha- 
nism for adjusting the angle of the apparatus In four di- 
rections, i.e., upper, lower, right, and left directions. This 
angle adjusting mechanism comprises a stand constitut- 
ing member 70 which is rotated about the A-axis to adjust 
the angle of the apparatus in the upper and lower direc- 
tions, and a stand constituting member 71 which Is ro- 
tated about a vertically extending axis (in Fig. 5) to per- 
form angular adjustment. 

Referring to Figs. 6 and 7. each unit 51 comprises 
modules (functional parts) 53, 54, and 55. The module 
53 comprises an optical module including a lens system 
80. The module 54 constitutes an E/O conversion mod- 
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ule including an E/O converter in a transmitter or an O/E 
conversion module including an O/E converter in the re- 
ceiver. The module 55 constitutes a modulation module 
including an modulator for modulating an input signal in 
the transmitter or a demodulation module for demodu- s 
latingthe electrical signal converted by the O/E converter 
into an original signal in the receiver. 

The optical module 53 includes a light shielding 
hood 81 lor shielding disturbing beams such a sunbeam, 
a convex portion 82 formed on the upper su rface to serve 1Q 
as a coupling means, a concave portion 83 formed on 
the lower surface to serve as a coupling means, a convex 
portion 64 formed at the right side portion (Fig 6) to serve 
as a coupling means, and a concave portion 65 formed 
at the left side portion (Fig. 6) to serve as a coupling 
means. The inner surface of the light-shielding hood 81 
is painted in black so as to prevent irregular reflection of 
the incident disturbing beams inside the hood. The por- 
tions 82, 83, 84, and 85 constituting the coupling means 
are respectively engaged with the lower surface concave ?0 
portions, the upper surface convex portions, the left side 
surface concave portions, and the right side surface con- 
vex portions of upper, lower, left, and right units adjacent 
to the unit 51 so as to set these adjacent units separable. 
A means for coupling the units is arranged outside the 
unfts. 

In order to set directional errors of optical axes of the 
respective unfts 51 to fall within an allowable range when 
the units 51 are assembled in the horizontal and vertical 
directions, upper and lower surfaces 86 and 87 are pre- so 
cisely worked to be fiat. Side surfaces 88a and 88b of 
the convex portion 62 and side surfaces 69a and 69b of 
the concave portion 83 of each unit 51 are also worked 
to have appropriate precision. 

A surface 73 (Fig. 5) of the stand 52 which is brought as 
into contact with the unit 51 is also worked to be flat in 
the same manner as the surfaces 86 and 67. A convex 
portion is formed on the contact surface 73 to constitute 
the same coupling means as the convex portion 62 so 
as to easily install the unit 5 1 on the stand 52. The stand *o 
52 further includes a U-shaped portion 74 engaged with 
the convex portion 84 on the right side surface of the unit 
51 to firmly fix the unit 51. 

The units 51 in the transmitter and receiver systems 
are often installed outdoors. Coupling portions 90 be- 4s 
tween the optical module 53 and the E/O conversion 
module 54 (transmitter system) or between the optical 
module 53 and the O/E conversion module 54 (receiver 
6ystem), and coupling portions 100 between the E/O 
conversion modulo 54 and the modulation module 55 so 
(transmitter system) or between the O/E conversion 
module 54 and the demodulation module 55 (receiver 
system) have a perfect waterproof structure so as to pre- 
vent water from entering the apparatus. 

The coupling portion 90 of the modules 53 and 54 is ss 
precisely worked such that the optical axis and position 
of the lens system 80 ol the optical module 53 are auto- 
matically aligned or have a predetermined relationship 



with those of an E/O conversion element (not shown) of 
the E/O conversion module 54 In the transmitter system, 
or that the optical axis and position of the lens system 
60 of the optical module 53 are automatically aligned or 
have a predetermined relationship with those of the O/E 
conversion element (not shown) of an O/E conversion 
module 54 in the receiver system. 

Since the units 51 are standardized as described 
above, even if any optical module is connected to the 
E/O or O/E conversion module 54 to constitute a trans- 
mitter or receiver unit, the axis and position of the lens 
system 60 have a predetermined relationship with those 
of the E/O or O/E conversion element without any devi- 
ation. 

Since the contact surface 73 of the stand 52 is 
worked to be flat as described above at the time of one- 
or two-dimensional assembly of the standardized units 

51, the surface 73 serves as a reference surface in the 
horizontal and vertical directions. The lower surface con- 
cave portion 83 of the unit 51 brought into direct contact 
with the contact surface 73 is fitted on the convex portion 
of the contact surface 73 to fix the unit 51 on the stand 

52. In this case, the side surface convex 64 and concave 
portions 65 of the adjacent unfts 51 serve as guide por- 
tions during coupling of the units 51. Since the convex 
portion of the contact surface 73 and the side surface 
89b of the concave portion 83 of the lower surface of the 
unit are precisely worked as described above, a lateral 
angular error of the optical axis of each unit 51 can fall 
within an allowable range when the unit 51 is fixed on 
the stand 52. Similarly, since the convex portion of the 
contact surface 73 and the side surface 89a of the con- 
cave portion 63 of the lower surface of the unit 51 are 
precisely worked, a play in the direction of depth of each 
unit 51 can also fall within the allowable range. There- 
fore, the optical axis of the unit 51 directly fixed on the 
stand 52 is determined in substantially one direction. 

When other units 51 are stacked on this unit 51, 
since the upper 66 and lower surfaces 67 of the units 51 
are worked to be flat as described above, the axes of the 
upper units 51 can be parallel to those of other unfts 51 
by simply titling the convex portion 82 of the unit 51 In 
the concave portion 83 of the adjacent unit 51 . 

In this manner, when the unfts 51 are two dimension- 
ally assembled, as shown in Fig. 5, the contact surface 
73 of the stand can be fixed to the unit 51 , and the units 
51 are also firmly fixed to each other. A! the same time, 
the axes of all the unfts 51 can be parallel to each other. 

In the optical space communication apparatus of the 
present invention, at least one of the transmitter and the 
receiver is constituted by a single unit, and a plurality of 
unfts are combined and coupled by coupling means pro- 
vided on the units. In addition, each unit is constituted by 
a plurality of function modules which can be separated 
from each other. 

Since the stand 52 which supports the plurality of 
units 51 thereon Includes the angle adjusting mecha- 
nisms 70 and 71 , all the unfts 51 can be adjusted verti- 
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cally and horizontally while the positional relationship be- 
tween the units 51 ts maintained. That is, the means lor 
supporting the plurality of units has a means for adjusting 
an angle of the optical space communication apparatus 
as a whole in the upper, lower, right, and left directions, s 

When a plurality of units 51 are used to constitute 
an optical space communication apparatus and a trans- 
mission line for optical space communication is to be as- 
sured, the units 51 , the modules 53, 54. and 55 having 
different functions can be used depending on purposes to 
of applications. This will be described with reference to 
the arrangement of Fig. 5. 

For illustrative convenience, numbersG)to®are as- 
signed to the nine units 51 in Fig. 5. 

According to the first arrangement, at least one of *s 
the unitsG)to(§>88rve$ as a transmitter unit, and the re- 
main ing units serve as receiver un its to constitute an op- 
tical space communication apparatus. An apparatus 
mating this apparatus has an identical arrangement, 
thereby allowing bidirectional communication. The posi- 20 
lion of the transmitter unit can be arbitrarily selected from 
positions of the unte©to@> The module arrangement 
of the transmitter and receiver units has been previously 
described. In this case, the optical module 53 and the 
O/E or E/O conversion module 54 are arranged in ac- 2S 
cordance with the same standards, and their directivity 
is not thus lost When one transmitter unit and eight re- 
ceiver units constitute an optical space communication 
apparatus, eight identical demodulated outputs are ob- 
tained from this apparatus. When these demodulated so 
signals are simultaneously processed (e.g., synthe- 
sized), reliability and stability of the communication 
channel can be improved. 

For example, these demodulated outputs are digital 
signals, the eight parallel digital data are discriminated as 
in accordance with a decision by majority, thereby se- 
lecting the majority signal as one signal. 

It the demodulated outputs are analog signals, one 
analog signal having, e.g., a highest S/N ratio is selected 
as an output signal. That is, the S/N ratios of the eight *o 
analog signals are always monitored and switched to se- 
lect any signal having the highest S/N ratio. An amplifi- 
cation module for amplifying a signal from the O/E con- 
version module 54 may be used in place of the demod- 
ulation unit In the receiver unit. In this case, the resultant *s 
eight modulated signals may be synthesized, only the 
selected modulated signals may be synthesized, or only 
good modulated signals are selected and synthesized. 
The synthesized signal is demodulated to obtain a space 
diversity effect so 

Even if the position of the transmission beam and 
the reception power are changed in accordance with at- 
mospheric conditions and any other conditions, a stable 
demodulated signal output can always be obtained, and 
the quality of the communication channel can be im- & 
proved. 

The same effect as described above can be ob- 
tained in a unidirectional communication arrangement 



having the units(j)to®as receiver units. 

The following conditions ere taken into considera- 
tion in the second arrangement. When a transmission 
distance and a transmission margin for obtaining stable, 
high quality communication channel are taken into con- 
sideration, the transmission power of the transmission 
unit can be low when the transmission distance is short. 
When the transmission distance is increased, the power 
must be Increased accordingly. The transmission power 
can be preferably changed in accordance with a change 
in transmission distance in the optical space communi- 
cation apparatus so as to obtain best cost performance. 
For this purpose, at least two of the units(J>to®are used 
as the transmission units, and the number of transmis- 
sion units to rtransmitting identical signals is changed de- 
pending on the situation, thereby Increasing or decreas- 
ing the transmission power stepwise. Therefore, the sta- 
ble communication channel can be assured regardless 
of the length of the transmission line. In addition, various 
E/O conversion modules 54 having E/O conversion ele- 
ments having different optical outputs are respectively 
arranged in a plurality of transmission units, that is, a plu- 
rality of transmission units having different optical trans- 
mission powers are arranged. The transmission units 
having different optical transmission powers are 
switched In accordance with changes in transmission 
distances. By combining the above two arrangements, 
more precise control for transmission distances and 
transmission margins can be performed; 

Third, there are two types of Input signals on the 
transmitter side, i.e., analog and digital signals. 
Schemes for transmitting an optical signal through a 
space transmission iine upon modulation ol the analog 
signal are AM-IM and FM-IM schemes. Schemes for 
transmitting en optical signal through the space trans- 
mission line upon modulation of the digital signal are 
ASK-IM, FSK-IM, and PSK-IM schemes. The common 
optical signal transmission scheme for both the analog 
and digital signals is a baseband- 1 M scheme. 

Transmitter units having various modulation mod- 
ules 55 having various modulation schemes such as AM 
and FM schemes for analog signals or modulation mod- 
ules 55 having different modulation boards, or transmit- 
ter units having various modulation modules having var- 
ious modulation schemes such as ASK, FSK, and PSK 
schemes for digital signals or modulation modules 55 
having various modulation boards are arranged on the 
transmitter side. These transmitter units are property 
switched, as needed, in accordance with the purposes 
of applications. 

Fourth, a wavelength multiplex transmission 
scheme is available to simultaneous transmit different 
signals. According to this scheme, E/O modulation mod- 
ules 54 having E/O conversion elements having different 
emission wavelengths are respectively arranged In the 
transmitter units, and the plurality of transmitter units 
having different transmission wavelengths are simulta- 
neously operated In this case, the axes and positions of 
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54 of the respective transmitter units are kept unchanged 
because these units are constituted by the standard 
modules. 

In this case, a wavelength selection filler lor filtering 
a oe^rfid OTa oltbe j^veJ^alhg Jsjatranae^iathBD/E. . . 
conversion module 54 and is coupled to the optical mod- 
ule 53, thereby preparing a receiver unit corresponding 
to each wavelength. Demodulation modules 55 capable 
of demodulating the transmitted modulated sigjials or 
demodulation modules 55 having different modulation 
boards are coupled to the corresponding O/E conversion 
modules 54 to demodulate the analog or digital signals. 
The modulated signals can be simultaneously transmit- 
ted in accordance with the wavelength multiplex 
scheme. 

As described above, the plurality of units include a 
plurality of transmitter units having different transmission 
wavelengths, and a plurality of units having wavelength 
selection filters corresponding to the wavelengths are ar- 
ranged in the receiver of the optica) space communica- 
tion apparatus, thereby performing wavelength multiplex 
communication. 

Fifth, the above wavelength multiplex transmitter 
unit can simultaneously transmit the same signal at dif- 
ferent wavelengths Instead of transmitting different sig- 
nals. In this case, identical modulated signals converted 
by the O/E conversion modules 54 of the receiver units 
on the reception side are synthesized and demodulated 
to obtain a wavelength diversity effect In this case, the 
respective wavelength receiver units are spatially sepa- 
rated from each other, the space diversity effect can also 
be obtained. 

As described above, a plurality of units include a plu- 
rality of receiver units. Optical signals propagating in the 
space can be simultaneously received by the plurality of 
receiver units, and the output signals from the receiver 
un Its are synthesized to obtain the space diversity effect 
f In addition, the plurality of units include a plurality of 
transm itt er unftsjaving differe nt transmission w ave- 
isnginsTldenticaTsignais are input lb the plurality of re-" 
ce iver units, and a plu rality of receiver units having wave- 
length selection filters corresponding to the wavelengths 
are arranged in the optical space communication appa- 
ratus on the reception side. The identical signals having 
different wavelengths are received by the different re- 
ceiver units, and the output signals from the receiver 
units are synthesized to obtain both the wavelength di- 
versity effect and the 6 pace diversity effect. 
. Sixth, all or a plurality of ones of the unltsQtoQlare 
\ used as receiver units. O/E conversion output levels of 
these selected receiver units are always delected, and 
positional variations in transmission beam can be detect- 
ed. Beam position variation Information is returned to the 
optical space communication apparatus on the transmis- 
sion side, and the stand 52 which supports the transmis- 
sion units thereon Is automatically moved, thereby per- 
forming tracking between the optical space communica- 



sides 

In unidirectional communication, a means for trans- 
mitting the transmission beam position variation informs- 
5 tion comprises a means for converting this position var- 
tatiojrijnfo/rratto^ . 
digital signal through a modem by using a public tele- 
phone network or PBX Ihe. The stand 52 on the trans- 
mission side is automatically moved by this digital data 
io In bidirectional transmission, positions of the bidirection- 
al transmission beams often vary, and therefore the 
stands 52 on both the transmission and reception sides 
must bs simultaneously moved relative to each other. In 
the same manner as in unidirectional communication, 
'5 both pieces of beam position variation information are 
converted into digital data, and these digital data are 
transmitted through modems by using two public tele- 
phone or PBX lines. Alternatively, these digital data may 
be transmitted through a bidirectional optical space com- 
20 munication line in accordance with the wavelength or fre- 
quency multiplex scheme. Both the stands 52 are moved 
in accordance with the corresponding input data. 

As described above, a plurality of units include a plu- 
rality of receiver units, and there is provided a means for 
25 monitoring reception levels of the plurality of receiver 
units and detecting beam position errors of optical sig- 
nals propagating through the space. An output signal 
from the detecting means is returned to the opticalspace 
communication apparatus on the reception side, thus 
£0 providing a tracking function for automatically adjusting 
the posit bn on the reception side. 

As described above, since the optical space com- 
munication apparatuses on the transmission and recep- 
tion sides have unit structures, the above functions can 
& be obtained. A plurality of functions of these functions 
can be simultaneously obtained. There is realized an op- 
tical space communication apparatus having excellent 
flexibility and versatility. 

In the above embodiment, the transmitter unit is con- 
40 strtuted by the optical module, the E/O conversion mod- 
ule, and the modulation module, and the receiver unit is 
constituted by the optical module, the O/E conversion 
module, and the demodulation module. The specifica- 
tions of the optical space communication apparatus are 
45 determined at the time of its installation. Changes in 
specifications during use of the apparatus are not so fre- 
quent. When an economical advantage and mainte- 
nance are taken into consideration, the transmitter unit 
may be constituted by the optical module and the E/O 
so conversion module, or the E/O conversion module and 
the modulation module, and the receiver unit may be 
txrnsmLrtedbytheopticalmoduleandtheO/E(xmerslon 
module, or the O/E conversion module and the demod- 
ulation module. 
*5 In the above embodiment, when the transmission 
distance and the stable communication channel are tak- 
en into consideration, the change In number of transmit- 
ter units or E/O modules having E/O conversion ele- 
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merits having different optical outputs is exemplified. 
However, it is possible to use O/E conversion element 
having different sensitivities in the O/E conversion mod- 
ules in the receiver untie. For example, in short-distance 
communication, a PIN photodiode is used as an Q/E con- 5 
version element to obtain a simple, low cost circuit ar- 
rangement. In long distance communication, a high-sen- 
ertKnty element such as an avalanche photodiode is used 
as an O/E conversion element Therefore, precise con- 
trol complying with the desired specifications can be per- 10 
lornied. 

In the embodiment of Fig. 5, the units 51 are two-di- 
mensbnaliy combined in a 3 (rows) x 3 (stages) struc- 
ture. However, as shown in Fig. 8, the units 51 may be 
one-dimension ally arranged. It is generally posstole to « 
arrange the units 51 in an m (rows) xn (stages) (m £ 1, 
n £ 1). The values m and n are dstermined in accord- 
ance with desired speciftaitons. 

In the above embodiment the coupling means are 
formed in the units 51 themselves to directly couple the 20 
units 51. However, as shown In Fig. 9, the units 51 are 
directly coupled to each other in the row direction. The 
units 51 are separated from each other such that contact 
surfaces 76 of constituting members 75 of a stand 52 
serving as a unit support means are coupled to the units & 
51. Alternatively, as shown in Fig. 10, the units 51 are 
fixed by projections 79 and contact surfaces 78 of con- 
stituting members 77 ol a stand 52, and the units 51 are 
separated from each other. 

As described above, at least one of the transmitter *o 
and receiver apparatuses is constituted by a single unit, 
and there may be provided a coupling means in the unit 
support means so as to combine a plurality of units. 

When such a coupling means is used, the upper sur- 
face of the optical module 53 of the unit 51 need not be ss 
worked to be flat, unlike the embodiment shown in Fig. 
5. In this case, a surface of the stand 52 which is brought 
into direct contact with the optical module 53 and the low- 
er surface of the optical module 53 are worked to be flat 
Therefore, the load on mechanical working ol the optical *o 
module 53 can be reduced, and the convex portion of 
the optical module 53 is also omitted. 

In this arrangement, since the units 51 are arranged 
to be spaced apart from each other, it is effective to re- 
ceive a spread beam or perform space diversity. *s 

In particular, a fine adjustment mechanism for ad- 
justing the angle of the unit in the upper, lower, right, and 
left directions is arranged in each unit 51 in adcfitbn to 
the angle adjusting mechanisms of the stand 52 t an ef- 
fective function can be obtained. With this arrangement, #> 
high precision of mounting of the optical module 53 on 
the stand 52 which supports the unit 51 is not required 
Therefore, the stand 52 and the optical module 53 can 
be easily manufactured. 

As has been described above, al least one of the ss 
receiver and transmitter units is constituted by a single 
unit, and a plurality of single units are combined to con- 
stitute the optical space communication apparatus. By 



employing different combinations, various functions can 
be easily and stably obtained. Therefore, the present in- 
vention can cope with the various needs of user's spec- 
ifications. 

When each module is constituted by a plurality of 
function modules which are electrically, optically, and di- 
mensional standardized, the present invention can 
easily cope with various user's needs. At the same time, 
maintenance after installation of the apparatus, and 
changes in specifications can be facilitated. 

As described above the optical space communica- 
tion apparatus such as an optical space communication 
transceiver comprises a plurality of modules which can 
be coupled and separated from each other. In the mod- 
ules, the positions of optical elements are adjusted be- 
forehand with respective to coupling reference portions 
of the modules which are to constitute a common refer- 
ence at the time of coupling of the modules. As a result, 
the modules can be automatically positioned one anoth- 
er al the time of coupling therebetween. The plurality of 
modules have a stand reference portion having a prede- 
termined positional relationship with its optical element 
and Its coupling reference portion. The stand reference 
portion is coupled to the reference portion of the stand 
whose angle can be adjusted to thereby constitute the 
common reference. 



Claims 

1 . An optical space communication apparatus for prop- 
agating an optical signal in a free space to perform 
an optical communication comprising: 

an optical module (1) Including an optical sys- 
tem (26), said optical module being able to be 
coupled to or separated from another module 
(2; 5) and being provided with a coupling refer- 
ence portion (7) for coupling said optical module 
lo said other module, wherein a position of said 
optical system of said optical module is adjusted 
and fixed beforehand with respect to the posi- 
tion of said coupling reference portion, said opti- 
cal module being provided with a stand refer- 
ence portion (19) having a position which is 
adjusted and fixed beforehand with respect to 
the position of said optical system and said cou- 
pling reference portion; 

a conversion module (2) including an optical 
element (13) for performing photoelectric con- 
version processing, said conversion module 
being able to be coupled to or separated from 
said optical module (1) and being provided with 
a coupling reference portion (10) for coupling 
said conversion module to said optical module, 
whereh a position of said optical element of said 
conversion module is adjusted and fixed before- 
hand with respect to the position of said cou- 
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pling reference portion of said conversion mod- 
ule; and 

a stand (4) having a reference portion (21) 
which can be coupled to or separated from said 
stand reference portion (1 9) of said optical mod- 5 
ule (1). 

2. An apparatus according to claim 1 , further including 
a modu latlon/demodulation module (3) which can be 
electrically connected to said conversion module 10 
(2). 

3. An apparatus according to claim 1 , is characterized 
in that a connecting portion between said optical 
module (1) and said conversion module (2) is pro- is 
vided wtth means for preventing water from entering 
from outside. 

4. An optical space communication apparatus lor prop- 
agating an optical signal in a free space to perform 20 
an optical communication comprising a plurality of 
units (51), each of which comprises: 

an optical module (53) including an optical sys- 
tem (BO), said optical module being able to bs & 
coupled to or separated from another module 
(54) and being provided with a coupling refer- 
ence portion for coupling said optical module to 
said other module, wherein a position of said 
optical system of said optical module is adjusted to 
and fixed beforehand with respect to the posi- 
tion of said coupling reference portion; 
a conversion module (54) Including an optical 
element for performing photoelectric conver- 
sion processing, said conversion module being as 
able to be coupled to or separated from said 
optical module (53) and being provided with a 
coupling reference portion tor coupling said 
conversion module to said optical module, 
wherein a position of said optical element of said 40 
conversion module is adjusted and fixed before- 
hand with respect to the position of said cou- 
pling reference portion of said conversion mod- 
ule; 

a modulatfon/demodulatbn module (55) which *s 
can be electrically connected to said conversion 
module (2); 

the communication apparatus also comprising: 
supporting means for supporting the plurality of 
units, the supporting means comprising: so 

- a stand (52, 70, 71 ) which functions to ad- 
just the inclination of said plurality of units 
as a whole wtth respect to both a vertical 
direction and a horizontal direction; and ss 

- means for coupling (73, 74) the plurality of 
units (51) to the stand (52), the means lor 
coupling having a reference portion (73) 



which can bs coupled to or separated from 
a stand reference portion of each of said 
units (51), 

wherein each of the units (51) further includes: 

- coupling means (82, 83. 84, 85) so as to allow 
a combination of a plurality of units; and 

- means for coupling (83, 84) the unit to the sup- 
porting means, the means lor coupling being 
provided with a stand reference portion. 

5. An apparatus according to claim ^characterized 

by said plurality of units (51) comprising an assem- 
bly of a plurality of light transmitting units (53, 54, 
55), a plurality of light receiving units (53, 54, 55) or 
a plurality of light transmitting units and light receiv- 
ing units. 



Peterrtanspruohe 

1 . Gerfit zur optischen Obertragung fm freien Raum zur 
Ausbreitung eines Lichtsignals im freien Raum zur 
Durchfuhrung einer optischen Obertragung, mit: 

einem optischen Modu I (1), das ein optisches 
System (26) enthalt, wobei das opttsche Modul 
h der Lags ist, an ein anderes Modul (2; 5) 
gekoppett Oder von dem anderen Modul 
getrenntzu warden, und das mit einem Koppel- 
bezugsabschnitt (7) zur Kopplung des opti- 
schen Modu Is an das andere Modul versehen 
ist, wobei sine Position des optischen Systems 
des Moduls bezQglich der Position des Koppel- 
bezugsabschnitts im voraus justiert und fixiert 
wird; 

einem Wandlermodul (2), das eh optisches Ele- 
ment (13) zur DurchfOhrung der fotoelektri- 
schen Umsetzverarbeftung enthalt, wobei das 
Wandlermodul in der Lage ist, mit dem opti- 
schen Modul (1) gekoppelt Oder von dem opti- 
schen Modul (1) getrennl zu werden, und das 
mit einem Koppebezugsabschnrtt (10) zur 
Kopplung des Wandlermoduls mit dem opti- 
schen Modul versehen ist, wobei eine Position 
des optischen Elements des Wandlermoduls 
bezQglich der Position des Koppebezugsab- 
schnittes des Wandlermoduls im voraus justiert 
und fixiert wird; und mit 
einem Slander (4) mit einem Bezugsabschnitt 
(21), der mit dem Standerbezugsabschnltt (19) 
des optischen Moduls (1 ) gekoppelt oder von 
dlesem getrennl werden kann. 

2. Gerat nach Anspruch 1 , das des wehsren ert Modu- 
latlons/Denrxxiulatlonsmodul (3) enthalt, welches 
elektrisch mit dem Wandlermodul (2) verbundsn 
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warden kann. 

3. Gerat nach Anspruch 1, dadurch gekennzeichnet, 
da3 eln Verbindungsabschnltt zwischen dem opti- 
schen Modul (1 ) und dem Wandlermodul (2) mit Mit- s 
teln zur Vermeidung des Eintiitts von Wasser von 
der AuBenselte versehen ist 

4. Gerat zur optischen Obertragung im frelen Raum zur 
Ausbreitung sines Lichtsignals im freisn Raum zur 10 
Durchf Ohrung eheroptlschen Obertragung mil elner 
Vielzahl von Einheiten (51), von denen jsde ausge- 
stattet ist mit: 

einem optischen Modul (53) mit einem opti- »s 
schen System (80), wobel das optlsche Modul 
in der Lage ist, mit einem anderen Modul (54) 
gekoppett Oder von diesem getrennt zu warden, 
und das mit einem Koppelbezugsabschnltt zur 
Kopplung des optischen Moduls mil dem ande- 
ren Modul versehen 1st, wobel elne Position des 
optischen Systems des optischen Moduls in 
Bezug aut die Position des Koppelbezugsab- 
echnltts im voraus justiert und ftxiert ist; 
einem Wandlermodul (54) mit einem optischen 25 
Element zur DurchfOhrung deroptischen Wand- 
lungsverarbeitung, wobei das Wandlermodul in 
der Lage 1st, mit dem optischen Modul (53) 
gekoppett und von diesem getrennt zu werden, 
und das mit einem Koppelbezugsabschnltt zur & 
Kopplung des Wancfiermoduls mit dem opti- 
schen Modul versehen ist, wobei eine Position 
des optischen Elements des Wandlermoduts in 
Bezug aul die Position des Wandermoduls rn 
voraus Justiert und fbdert 1st; ss 
einem Modulations/Demodulationsmodul (57), 
das elektrisch mit dem Wandlermodul (2) ver- 
bindbarlst; wobel ctes Gerat zur Kommunikation 
auch ausgestattel ist mH: 
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Stfitzmrtteh zur Stutzung der vielzahl von Ein- 
helten, wobei die StOtzmittel ausgestattel sbd mit: 

- einem Stander (52, 70, 71 ), der zur Justage der 
Nelgung der Vielzahl von Einhelten als Ganzes *s 
in Bezug auf sowohl die vertikale als auch die 
horizontals Richtung dient; 

und mit 

- Mitteln zur Kopplung (73, 74) der Vielzahl von 
Einhelten (51 ) mit dem Stander (52), wobei die so 
Mittel zur Kopplung einen Bszugsabschnitt (73) 
aulweisen, der mit dem Standerbezugsab- 
schnitt einer jeden Einheit (51) gekoppelt oder 
von dieser getrennt werden kann, 
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wobei eine jede der Einheiten (51) des weite- 
ren ausgerOslet ist mft: 



- Koppelmitteln (82, 83, 84, 85), urn eine Kombi- 
natbn einer Vielzahl von Einhelten zu ermdgli- 
chen; und mit 

- Mitteln zur Kopplung (83, 84) der Einheit mil den 
Stfltzmitteln, wobei die Mittel zur Kopplung mit 
dem Standerbezugsabschnltt versehen sind. 

5. Gerat nach Anspruch 4, gekennzeichnet durch eine 
Anordnung elner Vielzahl von llchtsendenden Ein- 
heiten (53, 54, 55) einer Vielzahl von lichtempfan- 
genden Einheilen (53, 54, 55) oder durch eine Viel- 
zahl von Iicht6endenden Einheiten und lichtempfan- 
genden Einheiten, die die Vielzahl von Einheiten 
(51)enthalt. 



Revindications 

1. Apparell de communication optique dans I'espace 
pour propager un signal optique dans un espace 
libre afin cfefl ectuer une communication optique, 
oomportant : 

un moduls optique (1 ) comprenant un systems 
optique (26), (edit module optique pouvant etre 
accouple h un autre module (2 ; 54) ou en etre 
Be pare et etant pourvu d'une partie (7) de refe- 
rence cfaccouplement pour accoupler (edit 
module optique audit autre module, dans lequel 
une position dudlt systems optique dudlt 
module optique est rdglee el fixde a Pavance par 
rapport a la position de ladite partie de reference 
cfaccouplement, ledh module optique etant 
pourvu cf une partie (1 9) de reference pour sup- 
port ayant une position qui est r£gl£e et fixee a 
Tavance par rapport a la position dudil systsme 
optique et . a ladite partie de reference 
cfaccouplement ; 

un module (2) de conversion comprenant un 
element optique (13) destine a effectuer un tral- 
lement de conversion photo-dlsctrique, (edit 
module de conversion pouvant etre accouple 
audit module optique (1) ou en etre separ6 et 
etarrt pourvu cfuns partie (10) de reference 
cfaccouplement pour accoupler led II module de 
conversion audit module optique, dans lequel 
une position dudit element optique dudlt module 
de conversion est reglee et fixee a Pavance par 
rapport a la position de ladite partie de reference 
cfaccouplement dudlt module de conversion ; et 
un support (4) ayant une partie (21) de refe- 
rence qui peut etre accouplee & ladite partie (19) 
de reference pour le support dudit module opti- 
que (1) ou en etre separge. 

2. Apparsil salon la revendtcatbn 1, comprenant en 
outre un module (3) de modu lation/demodulatlon qui 
peut elre connects" electriquement audit module (2) 
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de conversion. 

3. Appareil salon ta revindication 1, caracterise en ce 
qu'une partie de liaison errtre ledit module optique 

(1 ) at ledit module de conversion (2) est pourvue de s 
moyens destines a empecher I'eau d'entrer depuis 
I'exlerieur. 

4. Appareil de communication optique dans I'espace 
pour propager un signal optique dans un espace 10 
libre afin cfeffeduer une communication optique, 
comportant plusieurs unites (51) qui comprennent 
chacune : 

un module optique (53) comprenant un systeme 
optique (80), ledit module optique pouvant etre 
accouple a un autre module (54) ou en etre 
separe el etarrt pourvu d'une partie de reference 
d'accouplement pour accoupler ledit module 
optique audit autre module, dans lequel une 20 
position dudlt systeme optique dudft module 
optique est regies et faee a i 'avarice par rapport 
a la position de ladtte partle de reference 
d'accouplement ; 

un module de conversion (54) comprenant un ? s 
element optique destine a effectuer un tralte- 
ment de conversion photo-electrique, ledit 
module de conversion pouvant etre accouple 
audit module optique (53) ou en dtre separe et 
etant pourvu cf une partle de reference cfaccou- & 
plement pour accoupler ledit module de conver- 
sion audit module optique, dans lequel une 
position dudlt element optique dudlt module de 
conversion est regies et Mxee a Ifevance par 
rapport a la position de ladite partle de reference as 
d'accouplement dudit module de conversion ; 
un module (55) demodulation/demodulation qui 
peut dtre connecte electrlquement audit module 
(2) de conversion ; 
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I 'appareil de communication comportant 
aussl : 

des moyens de support destines a supporter les 
diverses unites, les moyens de support 4$ 
comportant: 

- un support (52, 70, 71) qui foncttonne de 
facon a regler I'inclinaison desdrtes unites, 
ensemble, par rapport a la tois a une direc- so 
ton verticals et une direction horizontals ; 
et 

■ des moyens (73, 74) pour accoupler les uni- 
tes (51) au support (52), les moyens rfac- 
couplement ayant une partie (73) de rele- « 
rsnce qui peut dtre accoupfee a une partie 
de reference de support de chacune desdl- 
tes unites (51) ou en etre separee, 



dan6 lequel chacune des unites (51) comprsnd 
en outre : 

- des moyens d'accouplement (82. 83, 84, 
85) afin de permettre une combinaison de 
plusieurs unites ; et 

• des moyens (83, 84) pour accoupler I'unite 
aux moyens de support, les moyens cfac- 
couplement etant pourvus cfune partie de 
reference de support. 

5. Appareil selon ta revendicatbn 4, caracterise en ce 
que lesdites unites (51) comprennent un ensemble 
de plusieurs unites (53, 54. 55) d'emission de 
lumiere, de plusieurs unites (53, 54, 55) de reception 
de lumiere ou de plusieurs unites d'emission de 
lumiere et unites de reception de lumiere. 
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